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BBEAEH11E 

113y4eH~~ np04eCCa~HO~eCTBeHHO~ reHepa4~~ 4aCT~4 B aAPOH-RAep
H~X B3a~MOAe~CTB~RX nOCBR~eHO 6onbwoe 4~CnO pa60T.3T~ ~ccneAOBa
H~R npoBeAeH~ np~ B~COK~X 3Hepr~RX nepB~4H~X 4aCTH4 /CM., Ha
np~Mep,/[•2/ I. 

npoAOn~aR 4HKn pa60T/ 3-ll/, B KOTOPblX H3y4an~Cb pa3n~4Hble xa
paKTep~CTHK~ B3a~MOAe~CTB~~ npoTOHoB, Ae~TPOHOB, a-4acT~4 ~ 

RAeP 1 2C c RAPaM~ ()>oTo3~-<tynbcH~ np~ ~Mnynbcax p0- 4, 2-;-4, 5 A 13B/ c 
I A - aToMHbl~ HOMep RApa-cHaPRAa/, s AaHHO~ pa6oTe Mbl nposen~ 
aHan~3 yrnoB~X xapaKTep~CT~K BTOPM4H~X 4aCTM4 BO B3a~MOAe~CTB~
RX npOTOHOB M RAep yrnepOAa C RAPaMH ()>OT03MynbCMM. 11cnonb30BaH~e 

RAepH~X ()>OT03MynbCH~ n03BOnRnO perMCTp~poBaTb KaK 6~cTp~e, TaK 
~ MeAneHH~e BTOp~4H~e 3apR~eHH~e 4aCT~4~ C B~COKMM npocTpaHCTBeH
H~M pa3peweHMeM. no aTOMHOMY COCTaBy ()>OT03MynbCMR n03BOnReT no
ny4~Tb xapaKTep~CT~KM BTOp~4HblX 4aCTH4 Ha RApax, AaneKO OTCTOR
~MX APYr OT APYra no WKane aTOMH~X Mace. 

BTopM4H~e 3aPR~eHH~e 4acT~4~, ~3Y4aeM~e B HacToR~e~ pa6oTe, 
pa3AeneH~ B COOTBeTCTBM~ C o6~enp~HRT~M~ B ()>OT03MynbC~OHHO~ Me-
Tr'.r"II.OI'""" ,, ..... , .. ...- .., .... ,,_..,,,, ••-

• _.M'"~ .... '"t''' o "-t'"'''" '"'' t ''"-' I .... 1"1 I 1"1110 • 

S-4aCT~4bl, TO eCTb penRT~B~CTCKMe 4aCT~4bl C (3 > 0,7; 
g-4acTM4~. To ecTb 4acTM4~ c (3sO~ M c npo6eroM s 3Mynbc~M R> 
>} MM/COOTBeTCTBY~~aR KMHeT~4eCKaR 3HeprMR 26<T~400 M3B/HyKn./; 
b-4aCTM4bl, To ecTb 4acT~4bl c npo6eroM R:::;3 MM. 

BMecTe B3RT~e, g- M b-4aCT~4~ o6pa3y~T rpynny c~nbHOMOH~3~py~
~Mx h-4aCTM4. 

11cnonb3yeM~e 3KcnepMMeHTanbH~e AaHH~e /2576 oEm- M 1006 
12CE 6 v/ /7-9/ m-co ~T~M nony4eH~ B paMKaX COTPYAH~4eCTBa no ~3y4eH~~ 
B3aMMOAe~cTBM~ penRTMBMCTCK~x npoToHoB H RAeP c RAP3MM. 

Uenb~ HacToR~e~ pa6oT~ RBnReTCR aHan~3 yrnos~x xapaKTepM
CT~K BTOP~4Hb1X 4aCT~4 BO B3aHMOAe~CTBMRX npOTOHOB ~ RAeP 12C 
C RAPaMM ()>OT03MynbC~M, MX conocTaBneH~e C pac4eTOM no KaCKaAHO
~CnapMTenbHO~ MOAenH /KI1M/ M nOMCK oco6eHHOCTe~, KOTOp~e MornM 
6~ cny~MTb YKa3aHMeM Ha npORBneH~e KOnneKTHBH~X 3()>()>eKTOB B RAPO
RAePH~X B3a~MOAe~CTBMRX. 

1 . PEflHTI1BI1CTCKHE 4ACT11UW 

AnR aHanH3a ocHoBH~x cso~cTB yrnos~x cneKTpos s-4acT~4 Mcnonb-
3yeTCR nepeMeHHaR 1} =- rn tg(0/2) - KBa3H6blCTpoTa, KOTOpaR RB-
nReTCR XOPOWHM npM6n~~eH~eM K npOAOnbHO~ 6~CTpOTe 
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(1.09) (1101 

15-19 
0.84±005 167•0.04 

(1.03) (1.651 ----

20-21 
149±0.03 

0.18±01)g (1.53) 
(0.84) f.31t0.04 

28-32 (1431 

3~-39 - 1.3'2.t004 
(I.H\ 

:p 40 - 1.30•0.05 
{t.2S) 

<51 
p 

m•o01< 
(0.99\ 

w•om 
(099\ 

100±0.03 
(1.031 

o.99•oos 
(0.~1_ 

oes•oos 
(098) 

-----

1.05±0.12 
(US) 

-
---

-

•2c 
us•o.oa 

(0.93) 

0.98•0.03 
(0!9) 

09't!D.Oit 
(1.03) 

I 01•0.0'+-
(1.021 

----
099•0.0'1 

(1.05) __ c_ 

092•003 
(104) 

095tQQI, 
(106! __ 

091•0.04 
(103) 

--- - -

0.90±004 
(1.02.) 

Y = 0,5fn[(E+p 11 )/(E-pu)] 
AflR penRT~BHCTCKHX nHOHOB I e -
npocTpaHcTeeHH~H- yron a~neTa 
B na6opaTOpHOH CHCTeMe KOOPAH

HaT/. 
B Ta6n. 1 npeACTaeneH~ cpeAHHe 

3Ha4eHHR KBa3H6~CTPOT S-4aCTH~ 

H CTaHAaPTH~e OTKflOHeKHR I a rr = 

= .,j D) 71 - pacnpeAeneHHH AflR 
pa3fl~4H~X HHTepaa!lOB MH~eCTBeH
HOCTH Nh , TO eCTb B 3aBHCHMOCT.t.1 
OT CTeneHH pa3pyWeHKR RApa-MH
WeHt-1. Bt.o~AHO, 4TO cpeAHHe 3Ha4e
HHR KBa3H6~CTPOT s-4aCTt.1~ yMeHb
wa~TCR C POCTOM 4HC!la h-4aCTH~, 

npH 3TOM AHCnepcHH yrnoe~x pac
npeAeneHHH cna6o aaBHCRT oT Nh. 
OTMeTHM, 4To a 12c Em -a3aHMo
AeH-cTBHRX yrnoaoe pacnpeAeneH~e 
S-4aCTH~ CMe~aeTCR B CTOPOHY 

MeHbWHX 71 /6onbWHX y.rnoe/ 3a-
MeTHO MeAneHHee, 4eM 3TO HMeeT 

MecTo a pEm-coyAapeHHRx. Pac4eT no K~ull 2 /*e o6oHx cny4aRx t<a-
4ecTeeHHo ont.o~c~eaeT 3KcneoHMeHTanbH~e aaHH~e. B noeAnono~eHHH 
CTeneHHOH 3aBHCHMOCTH cpeAHHX 3Ha4eHHH <71> OT aTOMHOrO HOMepa 

a 
HaneTa~eH- 4acTH~~. TO ecTb <71>- Ac, nony4eHo, 4TO napaMeTp a 
MeHReTCR OT OTPH~aTeflbH~X 3Ha4eHHH a= -0,02+0,01 AflR co6~THH 
c Nh = 0, l AO 3Ha4eHHI:t a= 0,26~0,05 npH Nh"= 15-19. 

Ha pHc. 1 npHBeAeHa 3HepreTH4ect<aR 3aBHCHMOCTb cpeAHHX 3Ha4e
HHH- <71> AflR pEm-a3aHMOAeH-cTBHH c pa3nH4H~M 4HCnOM h-4aCTH~. 

BHAHO, 4TO: 
a/ B AHanaaoHe 3HeprHH Eo- 4-:-400 r3B <71"> yaenH4HBaeTCR npH-

6nt.o~3HTeflbHO B ABa pa3a; 
6/ TeHAeH~HR CMe~eHHR <71> B CTOpOHy MeHbWHX 3Ha4eHHH /60flbWHX 

yrnoa/ c pocTOM 3Heprt.o~H, nepeAaBaeMOH RAPY-MHWeHH /To ecTb 
C POCTOM Nh /, coxpaHReTCR B OAHHaKOBOH Mepe H npH 6onee B~co
KHX 3HeprHRX nepBt.14H~X npoTOHOBi 

e/ npH annpot<e>1Ma~t.o~H AaHHbiX c N h -., 0 npH Eo.? 4 r3B norapH¢Mt.o~-
4eCKOH 3aBHCHMOCTb~ nony4aeTCR 

<11> = 0,33fn E 0 + 1,0, /1/ 

rAe Eo AaHO B r3B /nonHaR 3HeprHR nepBH4HOrO npOTOHa/, npH4eM 
HaKnOH KpHBOH /CM.pHc.1/ MeHbWe, 4eM 3TO t.o~MeeT MeCTO npt.o~ 3Hep-

* Pacc4t.o~TaHHble no KHM 3Ha4eHHR npHBeAeHbl a ct<o6Kax B Ta6n. 1 · 
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p(C,Ol 

p(Br,Ag), N~ ~o 

Nt,~fl 

111,<;6 

Ta6mu~a 2 

"-Sr3B/c 
.- ;--

1o r3B/ c -- =-
<1> ~ <l> !!i. 

119 tO.Q4 I.Z3•00l Ul,a!l'. 1.35•0.0'1 

1.49•0.02 1.12•00'1 2.2~•004 1.34•0.02 

o.e1•o.os 0.15'012 t16•0.02 UltO.OI 

t.rt•D.03 l.lttO.D4 -- -

L-----~----------~----~~ 
tO tOO Eo, f'3B 

P11c.l 

rHRX nepB~4H~X npOTOHOB OT 200 AO 400 r38, B/l 3 ' nony4eHo, 4TO 
< 11 > = 0 , 5 fn E0 + const • 

4To6~ paCCMOTpeTb 3aBHCHMOCTb yrnoB~X cneKTPOB S-4aCT~ 4 OT 
T~na FtApa-MHWeHH, B Ta6n. 2 npHBeAeHbl 3Ha4eHt.1l'f < 1]> H a Afll'f 
B3a~MOAe~CTBH~ npOTOHOB C HMnyflbCOM 4,5 r3B/c C FtAPaM~T](C, 0), 
(Br,Ag) H AflR nept.o~¢ep~4eCKHX 1 ~JOilKHOBeHt.o~H C FtAPaMH (Br,Ag), 
oTo6paHHbtX npH ycnoBHH Nh < 7· . ,[\nFt cpaaHeHHFt npeAcTaaneHbt aHa-
nor~4H~e AaHH~e npH 6onee a~coK~x 3Hepr~Ftx' 14 ~AHaflH3~PYFt 3TH 

cor-. .... ",...,. .... _,,,., .. ~ ... . ---- .. ....,,... .... ,- ................. . " yMeHbwe-
HHIO <7J~, W~pHHa 7J-pacnpeAefleHH~ H3MeHFteTCFI cna6o C POCTOM AT 
/HeCKO!lbKO yMeHbWaeTCFt/; 

6/ B npeAnono~eHH~ CTeneHHO~ 3aB~CHMOCT~ cpeAHHX 3Ha4eH~~ 
'7J > OT AT nony4eHo, 4TO noKa3aTe!lb c TeneH~ a paaeH -0, 1 0+0, 02 
/-0,06.::':_0,02/ npH Po= 4,5 r3B/c /70 r3B/c/. 3Ha4HT, CMel!leHHe 
'TJ~ K MeHbW~M 3Ha4eH~RM BC!leACTBHe 60flbWOrO KO!lH4eCTBa RAePHO~ 

MaTepHH Ha nyTH 4aCTH4 npo~CXOA~T MeA!leHHee npH Bb!COK~X 3Hepr~FtX 

nepBH4H~X npOTOHOB; ~ 

B/ npH nepeXOAe OT nepH$epH4eCKHX K 4eHTpaflbH~M CTO!lKHOBeH~
l'IM c FtAPaMH (Br,Ag) <1J> yMeHbWaeTCR a ABa paaa, a caMo pacnpe
AeneHHe CTaHOBHTCFI y~e. 0HO Cfla6o 3aBHCHT OT 3HeprHH nepBH4H~X 
4aCT~4i 

r/ POCT 3HeprHH npOTOHOB npHBOAHT K CMel!leH~IO <71~ K 60!lbWHM 
3Ha4eH~l'IM KBa3~6btCTPOT /K MeHbWHM e I; A~CnepcH~ pacnpeAeneHH~ 
npH 3TOM cna6o pacTyT. 

M3y4eHa 3aBHCHMOCTb OTHOWeH~l'f HOPMHpoBaHH~X HHt<Il~3~BH~X cneKT-
POB 

1 dN p(Br, Ag) 1 dN p(C,O) 
rs(71) = (-- --) I<----) 

N co6 drr Nco6 drr /2/ 

3 



2.0 

1.5 

1.0 

0.5 

2.2 

o 10r3B/c 
• 4.5 r3B/ c 

PHc.2 

OT ~ /pHc.2/ AfiH B3aHMOAe~CTBH~ 

npoTOHOB c Po 4,5 H 70 r3B/c. 
BHAHM, 4TO: 

a/ OTHOWeHHe HHKfi~3HBH~X 

cneKTPOB rs(~) < 1 npH ~ >~J~o= 
:: 1,4) H r 8 (~) > 1 npH TJ < ~O AfiH 
HaWe~ nepBH4HO~ 3HeprHH; 

6/ noaeAeHHe r 8 (~) npH o6eHx 
3HeprHHX npH6nH3HTefibHO OAHHa
KOBO, XOTH OHH pa3fiH4a~TCH npH
MepHO a ABa pasa no caoe~ aenH-
4HHe; 

B/ 3Ha4eHHH r 8 (~) H3MeHH~TCH 
MOHOTOHHO OT 3Ha4eHH~ 0,3 /1,0/ 
npH MaKCHManbHbiX ~ AO - 1 , 2 /2, 1 I 
npH ~ :>; 0 AfiH nepBH4HbiX HMnynb
COB 4,5 r3B/c /70 r3B/c/. 3To, 
no-BHAHMOMY, MOmHO 06bHCHHTb 
reHepa4He~ 4aCTH4 B HAPe BTOPH4-
H~MH 3HepreTH4H~MH aAPOHaMH 
H/HnH noBTOPH~MH coyAapeHHHMH 
nepBH4HO~ 4aCTH4~ BHYTPH HApa
MHWeHHIISI; 

r/ KHM /rHcTorpaMMa Ha pHc.2/ 
AfiH pEm-asaHMOAe~cTBH~ npH 

Yu - !.y,:; ~ ~~/ \... 1'\.d""tt:;\.... 1 t)Cnnu tlt::JJCfJ.Ot:: 1 AUf.\ .3 1 u;; ~dt:H'I\...VIMU'--' 1 n, t:::\... 1 D 

OAHaKo TeHAeH4HH K saabiWeHH~ BbiXOAa s -4aCTH4 B P ( Br, Ag)
coyAapeHHHX a o6nacTH $parMeHTa4HH RApa-MHWeHH, 4TO MomeT cny
mHTb yKa3aHHeM Ha saa~weHHe ponH KacKaAHPOBaHHH B KHM. 

EcnH annpoKCHMHpoaaTb saBHCHMOCTb 4Hcna 4aCTH4 B pasnH4HbiX 
HHTepaanax !i ~ OT AT npOCTO~ CTeneHHO~ $YHK4He~ THna !ills ( ~, 
p ) - Aa ,TO noKa3aTenb CTeneHH a 6yAeT MOHOTOHHO 803pacTaTb 
n°pH yMeTHbWeHHH ~ OT OTPH4aTefibH~X 3Ha4eHH~ - -0,2 npH MaKc~
MafibHbiX ~ AO 3Ha4eHH~ -0,9 npH MHHHManbHbiX ~ • XapaKTep 3TOH 
3aBHCHMOCTH COXpaHHeTCR, no-BHAHMOMY, H npH B~COKHX 3HeprHHX: 
AfiH 1T-Em-coyAapeHHi1 npH Po = 200 r3B/c /1 I a= 0,470,5 npH 
MHHHMafibHbiX ~ • 

n RB11ReTCR Mepo~ 4HCna 8HYTPHRAepH~X CTOfiKH08eHH~ V nep-
8H4HO~O aAPOHa 121. no3TOMY HHTepeCHO paCCMOTpeTb 3aBHCHMOCTb yr
fi08~X cneKTpoa oT 4Hcna g-4acTH4 8 co6~THH. Ha pHc.3 npeAcTaa
neHa 3a8HCHMOCTb CpeAHHX 3Ha4eHH~ KBa3H6~CTpOT~ S-4aCTH4 OT 
4Hcna g-4acTH4 a co6~THH AnR pEm-coyAapeHH~ npH pasH~x Po· 
AHanH3HPYH 3TH AaHHble, MomHo saKn~4HTb cneAY~IJ.Iee: 

a/ C poCTOM n 4eHTPbl pacnpeAeneHH~ CMeiJ.IaiOTCH B CTOPOHY 6onb
WHX yrnoa, npH 3~0M a AHanasoHe n g ::;. 0-;.6 npH 8cex P0 Ha6n~AaeT
CR CHfibHaR 3aBHCHMOCTb OT llg C B~XOAOM Ha nnaTO npH 6onbWHX 
3Ha4eHHHX n TO eCTb npH 6onbWOM 4HCne 8HyTpHRAePH~X CTOfiKHO-g • 
8eHH~; 

10 

PHc.3 

6/ 3aBHCHMOCTb <TJ> OT ll g OnH
CbiBaeTCH npH ll g :::_ 6 fiHHe~HO~ $YHK-
4HeH 

/3/ 

npH 3TOM AfiR npoToHoa c Po = 
4~5 r3B/c nony4eHO ~0 = 2,07 

11 a= 0,20; 
a/ npH 11Mny1lbCax Po~ 20 r3B/c 

Haon~AaeTCR He3aBI1CHMOCTb K03$
$H411eHTa a OT Po (a:::: 0,12-0,13l 16! 
C nepeXOAOM B o6naCTb MeHbWHX 
Po HaKnoH npHM~x Ha pHc.3 y8e-
nH4HBaeTcH, 3Ha4eHHH ~O pacTyT 
c yaenH4eHHeM p 

0 
; 

r/ CMeiJ.IeHHe Yf"fi08biX cneKTP08 S-4aCTH4 K fiOfibWHM 3Ha4eHHRM ~ 
c poe TOM Po npoHCXOAHT 6~cTpee np11 6onbwHx 3Ha4eHHRX n g; 

AI npH Po = 4,5 r3B/c npoaeAeHo cpaaHeHHe c pac4eTOM no KHM 
/WTPHX08aR KpHBaH Ha pl1c.3/, pesynbTaT~ KOTOporo Ka4eCTBeHHO 
onHc~8a~T no8eAeHHe 3To~ sa811CHMOCTH 8 paMKax AaHHO~ MOAenH. 
CneAyeT, OAHaKO, OTMeTHTb, 4TO npH ng:>:2 HeT KOfiH4eCT8eHHOf"O 
cornacHH 3KcnepJ.1MeHTanbH~x H TeopeTH4eCKI1X 3Ha4eHHH <~>.a KHM 
npOHCXOAHT CMeiJ.IeHHe yrJlOBbiX cneKTP08 B CTOPOHY 6'onbWHX yrnoB. 
0TMe4eHH~~ dJaKT. no HaWeMV MHeHHIO, CBR~<lH C: nPnPniiPHilniA !"'nnu 

nepepacceHHH~ pO~AeHH~X 4aCTI14 BHYTPH RApa-MHWeHH np11 MafiOM 
411Cne CTOfiKHOBeHH~ llHAHPY~IJ.Ie~ 4aCTH4bl BHYTPH HAPa 11/HnH C nno
XHM y4eTOM xapaKTepHCTHK 3neMeHTapHOrO aKTa, 4TO yme OTMe4afiOCb 
HaMI-1 B IBI. 

3aBHCHMOCTb <~> OT ~ 6nH3Ka K fiHHe~HO~ npH HaWeM Po , 4TO 
HaXOAHTCR a nonHOM cornacHH c pesynbTaTaMH pa6oT~I 16<nony4eH
HbiMH npH 8biCOKHX 3HeprHRX. sll 7 I noKa3aHo, 4TO <v> = f(n g)= vn;. 
11 MOmHO npeAnonomHT b, 4TO < TJ > - < v > , 

2. CHJlbHOHOHl13HPYIOll\HE 4ACTHUbl 

YrnoBble pacnpeAeneHI1R g- 11 b -4acnu~ npeAcTaaneHbl Ha pHc. 4. 
BHAHO, 4TO: 

a/ AfiR o6e11x nepaH4HbiX 4acTH4 yrno8~e cneKTP~ cHnbHOHOHI13H
PY~IJ.IHX 4acTH4 xopowo aocnpoH3BOAHTCH 3KcnoHeH4Ha11bHbiMH ¢YHK4HRMH 
THna 

p = ..!. ~ - exp ( b cos 8) , 
N dcos8 

/4/ 

rAe N- nonHoe 4Hcno TpeKOB AaHHoro THna. napaMeTp~ HaKnoHa b 
noKa3aHbl Ha pHCYHKe I b = f'n F lB. FIB - OTHoweHHe 4Hcna g -4aCTH4, 
HcnyiJ.IeHHbiX 8 nepeAH~~ H 3aAH~~ nonyc$epbl a n. c. K. I; 
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• PHc.4 

P11c.S 

a 
35 6 

o4.5f3B/c 
• &n 200 r3B/ c 10 

4 

-1.0 0 cos 8 +10 

6/ .Qnfl CaMbiX Me.QneHHbiX b-l..laCHH-1 He Ha6niO.QaeTCfl pa3nH411H Me)I(
AY pEm- 11 12 CEm -s3aHMO.Qei:1CTBI1fiMH~ 

s/ s Hawei:1 npe.Q~AY~ei:1 pa6oTe 1 1 Ha6n10.Qanocb TaKoe )l(e nose
.QeHHe yrnosbiX cneKTpos g- 11 b-l.lacTHI.l np11 nepexo.Qe oT rpynnbl 
fi.Qep (Br, Ag) K (C, O)npH o.QHOM 11 TOM >!<e cHapf!.Qe. TaKHM ?

2
6paaoM, 

y)l(eCTOI.IeHHe cneKTPOB g -l.lacTHI.l np11 nepexo.Qe OT pEm- K CErn -
COy.QapeHHfiM CBfl3aHO 11 C nepepacnpe.QeneHHeM BKna.QOB, BHOCHM~X 

B3aHMO.QeHCTBHfiMH Ha nerKHX 11 Tfl)l(enbiX fi.QPaX $OT03MynbCHH, npH 
ysenHI.IeHHH Mace~ cHapfi.Qa. 

6~na paCCMOTpeHa 3aBHCHMOCTb yrnoB~X CneKTPOB g-l.laCTHI.l OT 
I.IHCna h-4aCTHI.l s co6~THH. nonyl.leHo, '-ITO coseg -pacnpe.QeneHHfl 
s pEm-saaHMO.Qei:1cTBHfiX np11 scex Nh cHnbHO acHMMeTpHI.IH~ 11 c yse
nHI.IeHHeM 3HeprHH,nepe.QasaeMoi:1 fi.Qpy-MHWeHH, cna6o yMeHbwaeTCfl. 
0TMeTHM, '-ITO .Qnfl p(Br, Ag)-saaHMO.Qei:1cTBHi:1 np11 E0 ::/4710/ f3B 
yrnos~e cneKTP~ g-l.laCTHI.l Mana aasHCfiT /11n11 cosceM He aasHCfiT/ 

T E /18,19/ 
0 0 • 

4T06bl npocne.QHTb BnHfiHHe I.IHCna g· 11 S -l.laCTHI.l 8 C06biTHH Ha 
cTeneHb acHMMeTpHH yrnosbtX pacnpe.QeneHHH g -~.~acTHI.l s pEm -coy
.QapeHHfiX, Ha PHC.5 npHBO.QHM 3aBHCHMOCTb (F/B)g OT ng /pHc.5a/ 
11 OT ns /pHC.56/. 

BH.QHO, '-ITO: 
a/ C POCTOM ng• TO eCTb C POCTOM I.IHCna BHYTPHfi.QepH~X CTOnK

HOBeHHH, CTeneHb aCHMMeTpHH yrnOB~X CneKTpOB cna6o yMeHbWaeTCfl, 
HCKniOI.IeHHe COCTaBnfiiOT C06~TI1fl C ng = 1, B rpynny KOTOp~x 6onbWOH 
BKna.Q BHOCfiT B3aHMO.QeHCTBHfl HyKnoH-HyKnOHHOrO THna; 

6/ 113 cpaBHeHHfl C .QaHH~MH npH B~COKHX 3HeprHfiX '20's~TeKaeT, 
'-ITO xapaKTep noBe.QeHHfl (F/B)g = f~g) Mana 3aBHCHT OT 3HeprHH 
nepBHI.IHoro npoToHa; 

B/ Ha6niO.QaeTCfl CHnbHafl KOppenfii.IHfl Me)I(.QY CTeneHbiO aCHMMeTpHH 
yrnoB~X cneKTPOB g-l.laCTHI.l 11 I.IHCnOM penl'ITHBHCTCKHX 4aCTI14 B Co-
6biTI111, .QOBOnbHO XOPOWO 3Ty 3aBHCHMOCTb MO)I(HO OnHCaTb nHH.eHHOH 
$YHK1.1Hei:1 ( F /B) g = 2,44 + 0,22 ng 
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r/ pac1.1eT no KHM /rHcTorpaMMa Ha p11c.S/ y.QosneTsopHTenbHO soc
npoH3BO.QHT XO.Q 3aBHCHMOCTH (F/B)g OT n g 11 ns • 

C .QpyrOH CTOPOH~, 6~no noKa3aHO, '-ITO aCHMMeTPHfl yrnoB~X 
cneKTpOB caM~X Me.QneHH~X b-l.laCTHI.l nOI.ITH He 3aBHCHT HH OT 3Hep
rHH B036y)I(.QeHHfl fi.Qpa-MHWeHH /xapaKTepH3yeMOH BbiXO.QOM HCnapHTenb
H~X 4aCTH1.1/, HH OT I.IHCna BHyTpHfi.QepH~X COY.QapeHHH /TO eCTb ng /, 
HH, HaKoHel.l, oT 1.111cna 6~cTp~x S-l.laCTHI.l. Pac1.1eT no KHM y.QosneT
sopHTenbHO BOCnpOH3BO.QHT 3TH 3aKOHOMepHOCTH, 3a HCKniOI.IeHHeM 
aasHCHMOCTH oT ng• r.Qe oTHoweHHe (F/B)b s KHM HH)I(e, 1.1eM nony
l.leHHoe s 3KcnepHMeHTe. CpasHeHHe c peaynbTaTaMH/ 20/ np11 s~coKHX 
3HeprHfiX nepBHI.IH~X npOTOHOB /E0 = 6] 11 200 f3B/ nOKa3ano, '-ITO 
CTeneHb aCHMMeTpHH yrnOBbiX cneKTPOB b -l.laCTHI.l O.QHa 11 Ta )l(e npH 
3HeprHfiX nepsHI.IH~x l.laCTHI.l E0 .= 4+200 f3B. 

B .QanbHeAweM npe.QcTasneH~ peaynbTaT~ noHcKa KonneKTHBH~x 
3$$eKTOB 8 yrnOB~X cneKTpax h-l.laCTHI.l, TO eCTb 8 OCHOBHOM $par
MeHTOB fi.Qpa-MHWeHH C KHHeTHI.IeCKOH 3HeprHeH ~400 M38/HyKnOH. ~nfl 
o6Hapy)l(eHHfl 3Toro f!BneHHfl cne.QyeT oTo6paTb co6~THfl l.leHTpanbHoro 
THna /c Man~M napaMeTpOM COy.QapeHHfl/, 8 KOTOP~X KOnHI.IeCTBO npo
B3aHMO.Qei:1CTBOBaBWHX HyKnOHOB MaKCHManbHO . 

OTHoweHHe HHKni03HBH~x pacnpe.QeneHHA g- 11 b-l.lacTHI.l s .QaHHOM 
Knacce 12C(Br, Ag)-coy.QapeHHA K co6biTHfiM p(Br, Ag) c Nh 2 7 s aa
BHCHMOCTH OT COS6 g,b /pHC. 6/: 

12ct!lr,Agl 

---=dN-'--- ) ; r _1_ dN 
p(Br,Ag),:\h ?_7 

) _ f(,..,w.n ) /rt 

dcoseg,b Nero dcose g,h 
g,b • I ""'' 

noKa 3biBaeT, '-ITO: 
a/ c yMeHbWeHHeM nPHI.lenbHoro napaMeTpa 3aMeTHO ysenHI.IHBaeTCfl 

aHal.leHHe rg s nepe.QHeA nonyc$epe s n.c.K. /npHMepHo s TPH paaa 
np11 nepexo.Qe OT Nh ?.. 7 K Nh ~ 40/; 

6/ C poCTOM Nh see 6onee B~pa3HTenbHO npof!BnfleTCfl CTpyKTypa 
s cos~ -pacnpe.QeneHHH, oco6eHHO ysenHI.IHBaeTCfl B~XOA g-l.laCTHI.l 
8 .Qt.1ana30He eg - /50780JO; 

s/ pac1.1eT no .QaHHoA sepc1111 KHM /rHCTorpaMMa Ha p11c.6/ He soc-
12 npOH3BO.QHT 3aBHCHMOCTH f g OT COs6g .Qnfl HenepH$epH4eCKHX C 

( Br, Ag) -coy.QapeHHH 11 c pocTOM Nh cTeneHb pacxmx.QeHHfl ysenHI.IH
saeTcfl; 

r/ $OpMa cneKTpa s KHM npH6nH3HTenbHO O.QHa 11 Ta )l(e npH n106~x 

Nh, no3TOMY np11 pac1.1eTe no .QaHHoA sepc1111 KHH, soaMO)I(HO, nepe
OI.leHHBaeTcfl nepepaccef!HHe g-l.laCTHI.l H/HnH Pfi.QOM C KaCKa.QH~M 
MexaHH3MOB peanHayeTcfl KaKoA-To .Qpyroi:1 KonneKTHBH~i:1, HanpHMep, 
MeXaHH3M THna Y.QapHOH BOnH~ 121 ~KOTOP~H n03BOnfleT Kal.leCTBeHHO 
06bfiCHHTb noB~WeHH~H BbiXO.Q g-l.laCTHI.l 8 .QHana30He yrnos 8 g :: 
::/50-i-80/ 0 s l.leHTpanbHbiX 12C(Br, Ag) -saaHMO.Qei:1cTBHflx; 
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H~, He 3aB~C~T OT CTeneH~ B036y~
AeH~H HAep Br ~ Ag nepe~4H~M~ HA-

12 
paM~ C ~ xopowo eocnpo~3BOA~T-
CH pac4eToM no KHM. 

3ae~c~MOCTb yrnoe~x cneKTpoe 
h-4aCT~~ OT 4~Cna npOB3a~MOAe~cT
BOBaBW~X HyKnOHOB llint HApa-cHa
PHAa (n in t - 12-2Q, Q - CYMMapHbl~ 
3aPHA Henpoe3a~MOAe~cTeoeaew~x 
<J>parMeHToe HAPa 12c c e < 3°) ~3y-
4anacb paHbWe a pa6oTel71, rAe 

6bmo noKa3aHo, 4To yrnoeble cneKTPbl ¢parMeHTOB RApa-M~WeH~ AO
eonbHO YCT0~4~Bbl K ~3MeHeH~IO Q. 

Ha P~c.? npeACTaeneHbl cpeAH~e 4~cna g- ~ b-4aCT~~. ~cnycKae
MbiX noA yrnoM (} < (Ji a n.c.K. /To ecTb cos(}> ccs(Ji I a 3aBI-!c~

MOCT~ OT CYMMapHoro 3aPHAa Q HenpOB3a~MOAe~CTBOBaBW~X <J>parMeH
TOB RApa. Xopowo B~AH0,4TO np~ n1060M Bb16ope KP~T~4HOrO yrna (Ji 

BbiXOA ~3y4aeMbiX 4aCT~~ c pocToM Q /To ecTb c yMeHbWeH~eM n int I 
~aAaeT ~ XOA 3TO~ 3aB~C~MOCT~ YAOBneTeop~TenbHO on~CbiBaeTCH 
¢lYHK~~e~ T~na 

<ng,b (~ cos(Ji )> = ag b exp(-b b Q). , g, !6! 
8 

2 
AnR g-4acT~~ napaMeTp ag a !61 np~H~MaeT 3Ha4eH~R ag= 

=178-181cos(Ji, a napaMeTp bg::0,48 AnR cosOi ::;0,6 c AanbHe~-
w~M yeen~4eH~eM cosOi cna6o naAaeT, AOCT~raR 3Ha4eH~~ b g = 0, 42 
np~ cosOi = 0,9. AnR caMbiX MeAneHHbiX b-4acT~~ napaMeTp bb = 0,3. 

3. 3AKni04EHI-1E 

B pe3ynbTaTe npoeeAeHHoro aHan~3a yrnoe~x cneKTPOB pa3H~x 
T~nOB BTOP~4HbiX 3apR~eHHbiX 4aCT~~. ~cnycKaeM~X BO B3a~MOAe~cT
B~RX npOTOHOB ~ RAeP 12c c ~MnynbCOM Po= 4 '5 r3B/c c HAPaM~ 
¢loT03Mynbc~~. noKa3aHo cneAy~ee: 

a/ cy~ecTeyeT np~6n~3~TenbHO norap~¢M~4ecKaR 3ae~c~MOCTb 
cpeAHero 3Ha4eH~H nceBA06~CTPOT~ OT 3Hepr~~ nepB~4HOrO npoTOHa 
B A~ana30He 3Hepr~~ Eo :::3-200 r3B: 

< 71 > = 0,33 En E 0 + 1,0; 

6/ B npeAnono~eH~~. 4TO 4~Cno BHYTP~RAePH~X CTOJlKHOBeH~~ 

<v>- vn;, 3aB~C~MOCTb <TJ> OT <v> CTaHOB~TCH 6n~3KO~ K Jl~He~HO~; 

B/ B T04Ke 'flo :::1~ OTHOWeH~e ~HKn103~BHbiX cneKTPOB Ha HApax 
(Br, Ag)~ (C,O)r(ry

0
)= 1, np~ ry>TJo r(ry)< 1 ~ np~ ry<ryo r(ry)>1; 

r/ B npeAnono~eH~~ CTeneHHO~ 3aB~C~MOCT~ B~XOAa S-4aCT~~ 

~ n
5 

(TJ, Po) - A~ noKa3aTenb CTeneH~ MOHOTOHHO B03pacTaeT np~ 
yMeHbWeH~~ TJ• 

AI KHM Ka 4ecTBeHHO on~c~eaeT noBeAeH~e yrnoe~x cneKTpoe s-
4aCT~~. 

a/ yrnoeble cneKTP~ g- ~ b-4aCT~~ xopowo on~cbleaiOTCR 3Kcno
HeH~~anbH~M~ 3ae~c~MOCTHM~, np~ 3TOM HaKnoH 3T~X KP~BbiX AnR 

g- 4acT~~ 8 I2c Em -e3a~MOAeikTB~HX 6onbwe, 4eM B pEm -e3a~Mo
Ae~cTB~Rx. AnR b-4acT~~ pa3n~4~H npaKT~4ecK~ HeT; 

6/ ¢lopMa yrnoeblx cneKTpoe g-4aCT~~ no4T~ He 3aB~C~T OT E0 
~ c pOCTOM CTeneH~ B036Y~AeH~H HApa-M~WeH~ Cna6o yMeHbWaeTCH 
ac~MMeTp~R ~x yrnoe~x pacnpeAeneH~~; 

e/ cy~eCTByeT c~nbHaH n~He~HaH KOppenR~~R Me~AY CTeneHbiO 
aC~MMeTp~~ yrnOBbiX cneKTPOB g-4aCT~~ ~ 4~CnOM penHT~B~CTCK~X 

4aCT~~ B C06b1T~~ B pEm-e3a~MOAe~CTB~Hx; 
r/ ceoAcTea yrnoe~x pacnpeAeneH~A b-4aCT~~ Mano 3aB~CRT oT 

3Hepr~~ nepe~4Horo npoToHa, oT 3Hepr~~. nepeAaeaeMoA RAPY-M~weH~, 
9 



OT 41-1Cila BHYTPI-1RAepHbiX CTOI1KH08eHJ.1i1 1-1 OT 4J.1CI1a pO>KAeHHbiX 80 
83ai-1MOAeHCT81-1RX 4aCTHUj 

AI c focToM cTeneHI-1 paclllenneHI-1R RAep Br "" Ag nep81-14HbiMI-1 
RAPaMI-1 1 

C 3aMeTHO y8eill-141-18aeTcR 8biXOA g -4acn11.1 8 A1-1ana3oHe 
efl, == /50+80/ 0 8 cpa8HeHI-11-1 c p(Br, Ag) -B3aHMOAeHCT81-1RMJ.1j 

e/ 8b1XOA g- 1-1 b-4aCTI-1U B KOHyCe C yrilOM paCT80pa Oi YAOB
JleT80PI-1TeJlbHO Oni-1Cbl8aeTCR 3KCnOHeHU1-1aJlbHOH 3a8J.1CJ.1MOCTb~ OT Q 
C npi-16Jli-13HTeJlbHO OAHI-1M 1-1 TeM lKe HaKJlOHOM KPI-1Bb1Xj 

lK/ KHM oni-1Cbl8aeT cpeAHI-1e xapaKTepi-1CTI-1KH 11 A1-1<1>¢epeHI.II-1ailbHble 
yril08ble cneKTpbl h-4aCTJ.1U, OAHaKO 3a811CI-1MOCTb r g OT COS0g 

He cornacyeTcR c KHM, 4TO MOlKeT cnylKJ.1Tb yKa3aHI-1eM Ha npoR8ne
HJ.1e KOI1IleKTI-18HbiX 3C)>(!JeKT08 8 UeHTPailbHbiX RAPO-RAePHbiX COYAape
HJ.1RX. 

A8T0Pbl 6naroAaPRT b. n. baHHI-1Ka' K. r. lynaM08a 1-1 B.A. nn~e8a 
3a 4eHHb1e 06CYlKAeHI-1R 1-1 ~.m.MycyJlbMaH6eK08a 3a OKa3aHHY~ nOMOll\b 
np1-1 pac4eTax no KHM. 
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Bot<an C., lllyM6epa M. 1-83-389 
Yrno8ble cneKTJ)W 8TOPI1''1Hb1X 1.1acT11" 80 83ai1MOAeMCT8HI'1X npoTOH08 
11 RAeP yrnepoAa C 1'1APaM11 ~T03MYnbCMI1 np11 Po = 4,5 A f38/c 

OpoaeAeH aHanl13 yrno8biX cneKTP08 8TOP11"1Hb1X 3aPA*eHHbiX ~acTM~ 80 
B3ai1MOAeHCT811RX npoTOH08 M AAeP yrnepoAa C 1'1APaM11 ~OT03MYnbCI111 npH Po • 
= 4.5 A f3B/c. B cny1.1ae 83aHMOAeHCT811~ npoToHa c AAPOM paccMoTpeHa 3aai1-
CHMOCTb yrnOBbiX pacnpeAefleHI1M OT Tl1na AApa-MI1WeHM 11 OT nep811"1HOH 3Heprl111, 
Ha OCH08e cpa8HI1TenbHOrO aHanl13a yrn08biX xapaKTepi1CTI1K CHnbH0110HI1311PY~I1X 
"'aCTM~ 8 p- M 12c -AAepHbiX COYAapeHI1RX 6wno onpeAeneHO• 4TO C POCTOM CTe
neHI1 pa~enneHI11'1 AAeP Br 11 Ag nepBM4HbiMH RAPaMI1 yrnepoAa 3aMeTHO y8enl1"111-
aaeTCI'1 8b1XOA g -~acTI1" 8 A11ana3oHe yrno8 3MI1CCI111 68 :/50-80/

0 

8 cpa8HeHI1M 
c Henep~epl11.1ecK11MI1 p(Br, Ag) -83ai1MOAeHCT811AM11. Opo8eAeHo KOnH"'eCT8eHHOe 
cpaaHeHMe C pe3ynbTaTaMI1 paC"'eT08, nony4eHHWMI1 Ha OCHOBe KaCKaAH0-11CnaPH-
Te!lbHOM MOAenM-

Pa6oTa ablnonHeHa a fla6opaTOPHI1 8biCOKHX 3Hepri1H OM~H. 

Vokal s .• ~urnbera M. 
Angular Spectra of Secondary Particles Emitted 
in the Interactions of Protons and Carbon Nuclei 
with Photoemulsion Nuclei at Po= 4.5 A GeV/c 

1-83-389 

Analysis of the angular spectra of secondary charged· particles has 
been carried out for the case of proton and carbon nuclei interactions 
with photoemulsion nuclei at Po=4.5 A GeV/c. A dependence of the angular 
distributions for p-nucleus interactions both on the mass-number of 
target-nucleus and primary energy has been studied. On the basis of com
parative analysis of angular characteristics of heavily ionizing particles 
produced at p- and 12C-nucleus coli is ions it was found that with the 
increasing degree of disintegration of AgBr nuclei by primary carbon nuc
leus there is a noticeable increase in the yield of the g-particles emitted 
into the angular interval 88 ::. (50-80)

0 
as compared to the nonperipheral 

p(AgBr) interactions. Quantitative comparison to the cascade-evaporation 
model based calculations was performed. 

The investigation has been performed at the Laboratory of High 
Energies, JINR. 
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